Historic, archived document 



Do not assume content reflects current 
scientific knowledge, policies, or practices. 



iMiied April 24, 1912. 

U. S. DEPARTMENT OF AGRICULTURE. 
FAiRMERS'. BULLETIN 402. 



THE MORE IMPORTANT INSECT AND FUN- 
GOUS ENEMIES OF THE FRUIT AND 
FOLIAGE OF THE APPLE. 

I ■ - . . . 1 1 111 • 
r« . - '< 

... z-mir: 

A. L. QUAINTANCE, 
Of the Bureau of Entomology, 

AND 

\V. M. SCOTT, 
Of the Bureau of Plant Industry. 




I 



WASHINGTON! 
GOVERNMENT PRINTING OFPICB. 
1912. 



LETTEE OF TRAISTSMITTAL. 



U. S. Depaktment or Agriculture, 

Washington, D. C, February 3, 1912. 
Sir: "Wo have the honor to transmit herewith, and to recommRnd 
for publication as a Farmers' Bulletin, a manuscript entitled "The 
more Important Insect and Fungous Enemies of the Fruit and 
Foliage of the Apple," by A. L. Quaintaaie*, of the BurMui of Ento- 
mology, and W. M. Scott, of the Bureau of Plant Indostry. 

During the past few years the summer spraying of apple orehfirds 
has tindergone important improvements, and many questions of de- 
tail have thus been raised in the minds of growers. The present 
paper, based upon results of the department's investigations of the 
subject during the past several years, is intended to answer these 
questions and to furnish information which will enable the orcliardist 
to obtain the maximum benefits for his outlay in time and money in 
spraying operations. 

Respectfully, Ij. O. HmvAnn, 

Chief, Buremt »f Entomology. 
B. T. Gali-owat, 
Chief, Bureau of Pitmt Indxmtry. 

Hon. James Wilson, 

Secretary of Agriculture, 
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THE MORE IMPORTANT INSECT AND FUNGOUS ENEMIES OF THE 
FRUIT AND FOLIAGE OF THE APPLE. 



INTRODUCTION. 

The spraying of apple orchards has received a great impetus dur- 
ing the past few years by i-eason of the increased demand for good 
fruit and tlie satisfactory prices received therefor. AVhile most 
commercial orchardists have been spraying for a good many years, 
the practice has not been as general among small orchardists «s is 
desirable, and tlie pix'sent pz'ofitableness of apple culture lias been the 
principal factor in awakening an interest in a crop heretofore much 
neglected by theui. 

A few years ago it was felt that orchard spraying was on a rather 
definite basis, but recent improvements in spray materials and wp- 
paratus for their application have contributed to raise many ques- 
tions of detail in the minds of fruit growers. These questions have 
to do with the best spray to use; times of making applications; 
grade of chemicals to purchase; the desirability of preparing sprays 
at home in preference to use of commercial preparations, etc. 

It is the aim of the present paper to furnish the orch«rdist neces- 
stary information for summer spraying, or spraying trees in foliage, 
as opposed to treatments during the dormant period of trees, as for 
the San Jose scale, blister mite, etc- The principal insects and dis- 
eases affecting the fruit and foliage of the apple are first considered, 
and with the illustrations should be f ti y ot recognition. This is fol- 
lowed by a consideration of the spray^ recommended, and directions 
for their preparation and use. Owing to the extended area in the 
United States over which the apple is cultivated, it is necessary to 
rc^r to certain insects and di^ases which are of interest in more or 
less restricted localities, and to indicate the appropriate treatment for 
tlie same in the sprays schedule. It is believed, however, that the 
orchardists in the New Kngland States, as well as the orchardists in 
the Ozark regions of Arkansas and SOpsou^i, will ligive no difficulty 
in determining the particular* af>plijcmti€r|^ g tfiofifit^^ under their 
r^jcctive conditions. 

THE CODLING MOTH. 

The larva of the codling moth {Garpocapsa pomonella Z*.), some- 
times called the apple worm, is well known alike to growers and con- 
sumers of a^jples. It is the principal cause of wormy apples, and its 
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eolitrt)! must bo secured in profitable apple growing; otherwise from 
one-half to thr&o- fourths ov «von a liu-ger proportion of tJic crop will 
be wormy and unfit for market. No orehard insect, perhaps, is more 
suceessfnlly eontrolled than this one ; and by enref nl spraying the 
fruit growei- niay expect to protect from its injuries from 90 to 9b 
])er cent of the crop. Owing to the great extent of the applc-growinj^ 
iiulnstry, there is, however, in the aggregate a large .hrinkage in the 
quantity of marketable fruit, resulting from jiijnries by the codling 
moth. This shrinkage in the United States each year represents a 
loss of about $12,000,000, and some $3,000,000 or $4,000,000 are an- 
nually spent for sprays and labor in its control. 




PiR. 1. — The cotlUiig moth lurvii (t'arporaima po7n<>nclla^ iind Us work: On the left, 
mature npplp, phowinff full-crown liirvn iind Its work; on the. right, tram from calyx 
end of young apple, Inft'sted wllh flrst-brood Inrvie. 



CHARACTER OF INJURY. 

Wormy apples are shown in figure 1. The prt*scnee in apples of 
the apple worm early in the season is usually indicated by the oc- 
eurrenc« »t tJie calyx fBid of more or less fras*. Fruit injurwl early 
in the season and while it is small mostly falls to the ground. Lar- 
va' of the second and later broods occur when the fruit ip more nearly 
groM'n, and it is the injuries of these broods that are observed in 
fruit on the market. The severity of attacks varies somewhat from 
season to season, and especially in different parts of the country, 
depending upon the number of broods of larva? produced in the 
region in question. 
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NUKBSR OF GBNERATIONS. 

The number of broods of Inrvtc of the codling moth for the country 
as a whole varies from pructieally one to three. Throughout the 
Kew England States and southward, at least to about the latitude of 
Washington, there is one full brood of larvie each year and n partial 
second. In the northernmost part of the territory indicated, as iu 
Jlaine and New York, the seeond brood of larva; will be slight, vary- 
ing in extent from season to season ; while in the southern portion 
of this territory it is normally quite \tiTgo, and during certain years 
there are practieally two full broods. In the more southern States, 
as tlie Carolinas on the east and ArkansAe on the west, tliere are 
probably three broods of larva; each year. This has been deta&nnined 
to be true for Arkansas and Kansas. In New Mexico it is thought 
that the insect is three-brooded also. 

It has been determined that there are two full broods of larva; iu 
States of the far AVest: Washington, Oregon, Idaho, Utah, and 
Colorado. The effect of suck seasonal conditions as drought and 
temperature on the number of first-brood larva; transforming for 
a given locality is quite marked. Thus, in Erie County, Pa., in 
1807, with an abnoruially late spring, only 3 per cont of tJie first- 
brood larva; transformed, as compared witli G8 per cent which trans- 
formed the following year and 23 per cent the next year. 

DESCRIPTION AND LIFE HISTORY. 

How the insect passes the winter. — Upon leaving the fruit in late 
summer or fall larva; seek protected places upon the trees, such as 
holes, cracks, crotches of limbs, or under bark scales, or even tinder- 
ncath trash on the ground, eonstrnet tough silken cocoons, and here 
pans the winter in the larval condition. I^arge numbers of larvto 
are carried to storage houses in apples in the fall, where later they 
spin cocoons in the boxes, bins, or barrels, or in cmeks iu the floor or 
sides of the house. In the orchard large numbers of larvie are de- 
stroyed {liwj'g^i^the winter by birds, principally woodpeckers, hut in 
storage liouses a large proportion doubtless survive, tlie moths from 
which fly to the orchards in the spring and constitute an important 
source of infestation. 

With the coining of spring the larva; enter the pupal stage, and 
about the period of blooming of the apple, or somewhat later, the 
moths begin to appear, continuing to emerge for three or four weeks, 
while belated moths may not emerge tintil considerably later. 

The moth. — ^The adult, or miller (fig. 2, a), is rather variable in 
size, but the maximum wing cxpan.so rarely exceeds throe-fourths 
of an indi. The foi-ewings above are of a bi'ownisli gray color, with 
numerous cross lines of gi;«iy. Near the tip of each wing is a cou- 
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spirnous brown spot, or oeoUus, in which arc two irregular broken 
lines of ii nietnllie eoppei'y or goUlen color. The liin<l wiii^s above 
are grayish bro\vn, b«eoming dai'ker toward the marj^in, vvhioli bwiri^ 
a (leJieate fringe, at tlio base of which in a narrow (lurk line. Whan 
at rest on tlie ^i-ayiali bark of an apple ti*e«, the niotii in color so 
harmonizes with its surronndin/^s that it is not readily di.stitignished, 
and the insect in this f^tnge is perhai)s little known to orchardiwts. 

The egg. -The eggs are umall, (lat. ^ionu'wliat oval in nhapc. and of 
abont the size of a pinliead. AVlien recently deposited they are of a 



I 




FlO. 2. — St«ireB of the codttnit moth: o, Motli ; b, Iiirvn ; c, pupn In lt« cocoon. Much 



pearl-white color, but l>econie darker with the development of tha 
embryo, which after a few days is easily distingnislied a« a reddish 
ring within the t^g. Under a }m^^ tiie snrfaee is s»m\ to bo ftovt«**d 
with a network of ridges, coarser toward the edge. The (^g^ 
the first generation of moths are deposited mainly on the leaves and 
twigs, comparatively few being plaeed on the apple, jjossihly on 
aceount of the fine hairs with which this fruit is covered when small. 
Afore of the eggs of the f ocond generation, however, are i>l:ice(l on the 
fruit, which by this time is nuie.h larger and presents a comparatively 
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smooth surface. The «v»rage time Feqnired for the egg to hatch is 
slwut 11 days, the -tMlie ■^swg'k^ <considarablyf- .he«w«««ir, with th« 
temperature. 

The larva. — It is in the larval or " worm " stage that injury is done 
to the apple. The larva, as it hatches from tlie egg is very small, 
from one-twentieth to one-sixteenth of an inch in length, but it soon 
begins to search for the frnit. If hatched from eggs placed hero 
and tlicro on the foliage, the larvic chew more or less into the leaf 
or other portions of the plant in their wandering around and may 
thus bo poisoned, if poison be present on the plants. If the eggs 
have been d-ef^^eited' on the fruit itself t*ie larval «rc much more likely 
to gaiu en^ne« to the fruit. I^arvfc entering the fruit by the calyx 
end feed within the cnlyx cavity for a few days before penetrating 
the fruit. ITence the advantage of thoroughly spraying trees shortly 
after the petals have fallen and while tlie calyx lobes are still spread, 
in order to place in each calyx cavity a small particle of poison to be 
eaten later by the larva as it seeks to enter the fruit. 

After entering the apple the larva feeds and grows rapidly and 
ia the course of about 20 days has become full grown. (See fig. 2, &.) 
At this time the " worms are- about three-fourths of an inch long, 
aad the majority of them are pinkish or flesh colored on the upper 
surface and whitish below. 

Tte pupa. — ^Tlie full-grown larva, upon leaving the fruit and^find- 
ing a protected place, constinets a whitish silken cocoon within which, 
ia the course of a few days, it may change to pupa, or it may remain 
in the larval condition until the following spring, as already ex- 
plained. The pupa (fig. 2, c) is about one-half inch long, at first 
yellowish or brownish, but later becoming quite dark brown, and 
shortly before emergence of thf moth assuming a distinct bronze 
color. The pupal stage varies much in lengt-h, but on the average 
about 30 dag^s el*^>se from th« spinning of the coeoon waiiljtk^ anier- 
gence of the mouth. After euiergeaae tho moths, in tlie eomrse of a 
few days, begin egg laying, the entarc life cycle, from egg to egg, 
r»quiriug, on the average, some 50 days. 

TREATMENT. 

The treatment for the codling moth is limited almost entirely to 
spraying tho trees with arsonicals, such as Piuis graen or arsenate of 
lead ; the latter is now principally used. In the Kast the poison is 
usually combined with a fungicide. In some sections banding of 
trees is also employed and under special conditions is a valuable 
adjunct to spraying. From two to five spray applications are given, 
according to the section of country. 

First application. — Of all treatments, the first is much the most 
important; this is given as soon as the bloagoms have fallen and has 
31336° — BuU. 492 — 12 2 
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for its object the i>lacing' of poison in the cnlyx cup of onch little 
njiph'. This treatment may be Kiioccss-fiilly fjiven tbirinf; the eijrht or 
ten days between the droppinjx of the petals and the closing of 
the calyx lobes. After the calyx lobes have drawn together it is 
difticult to for«i;» y^e ipoi^n into tkn omlyx «ip. (^«« fi^p. 3«) Vary 
thorough work is iiecessnry at this time, and airolessn^ in making 
the first application can not be counteracted by snl>sequent treat- 
nionti?. Good results, in fact, have been obtained whore this appli- 
ration iilonc has been given; and in poHions of the AVc^^t. whoi-e it 
is unnecessary to spray for fungous diseases, a >>inj;;le freafineiit ig 
held by some to be suilirient. While excellent re-"ult; Inive hwn 
obtained in the Kiist from this so-cidled on<j-spruy " method, 




rl^flit condUlon for f<iirnyl»^ : on U19 riffht, npplfR with cnlyx lobcw cloHcd, uml loo mw 
tiyv aotlRfnctory ^prnylny. 



thff necessity of using fungicides in tliis tcrrilory reii<ici-s the iinfQ of 
arsenicnls in addition comparatively inexpensive.'^ 

Second application. — The s*econd application for the '■odltng motli 
is given from thi-ee to four weeks after (he l>Io.ssoms have fidlen nm! 
has for its purpose the deslrnction of the young larvn? ns they :ire 
hatching from th-e eggs spread promiscuously over the foliiige and 
fruit. 

Third application. — Eight or nine weeks following the drojiping of 
the petals the third treatment is given, at which time the secfind- 
brood larvie are hutching in numbei-s. 

1 Those fntere««lcd In the one-«prny mpthod nhouUl olitnln copies of Bullet lo M. 
I'art VII, nnd Bulletin 115, Part II, lUireiiu of Entomology. 
492 
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Those tlnee trpntniciils. if piopcrlv a]»i»]i*'(l, Klioiild ]»e .siifWcianl to 
control tlio insect eilcctivcl v iii uny iv^inii ; but in ii territory where 
hittiT r(»t and npple bh)(ch ore prevnlent. ami wUkix* hitei* fun^ioidul 
tre:ifnu'nts are neeessury. it will be lulvi.stihh' to luhl iin nrseninil for 
further insuriineo jipiiiiHl the codling niotli, ns Mtiit^l iuuIhi' tlie 
caption " Sprayiufj; schedule," psijies 111-44. 

THE PLUM CURCULIO. 

Tht? phnn etnvulio {(■^onotrarhvin.a iiftiuphar Ilerbst). ovei- ii ^rent 
deal of its runge, is oMsily wmumuI in iniportiuice us lui !i]>])le pe^it to 
ihe codling; moth. It oecnrs (]uite j^onerally ' C " 'da south to 
hMorithi and west to 
alxMit the one-hnn- 
dredth nieridinu. 
The insect i.-^ a 
Miiiill snout beetle, 
of the fiimily Cur- 
eul ion ic^-H^- *^\t\ 
nisny of^^ iimw 
rWativtw., MS tlie 
eotlou-lKjli weevil, 
A rn wberry weevil, 
plum fjou^'r, iil- 
fulfn weevil, etc, 
iiiv very .serious 
enemies of eulti- 
vnted cr(»ps. The 
Hpeeios iitt^icks most 
eiiltiviited jionieand 
»tone fruits, jis iip- 
pltt, p(4ar, peach, 
plum, eJierry, ete., 
fj^O it is fiBKy(ieiiil]y t loublasonic (p the peaeh.* In Iho pr(^<>^U »«ui- 
itiwi^QU \hv iiwwct" w ctnusiAlpi'fuI %i i*»*fw««ice Uy ite injurit*s to yv^\^. 

CHARACTER OF mjURY. 

The overwinterinjp btH'tlcs attaclc iJie youn^ ni»pU*K in the s])rinfj. 
fihortly lifter thepe arc well wt. Itoth puns^ire. th» tcmi witli 

their .snout-like proboscis for feeding, and fhe fcinnles also in ogg 
Itiyinfr. Feodinp; and e^x^ hiving continue for several weeks or 
aionths in the case of the hardier individuals. JIueh of the fruit, 
l>uuctnred while small, falls to the jjtround, hut afler it has become 
about (he sizn of a la*i*^ hUfirl^le or tmrH;*!' 4), it may rwunin 

' Won. Fnrinrrti* MiilIaHn 440. W S, l.>^f)nrtm«ail <>f AKrIailHiiro. ttprflylnti I'nsnli^K for 
llie Control of Brown-rol, St-wU. ani! Curr\iHo. 
492 
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Oil tlia trees. 'I'lie ctlect of the punctures wlioii abundant, however 
is to <-iuisc tlie fruit to hocomo knotty niiil iiiisshii pen as it frrows. tlio 
extent of the deformity varying witli the severity of the injury 




Via. 5. — I>uch««ii applofi nt plchlnu tlmf>, Rliowlnir dwformed conilKlon from ckg and fead- 
IriK imnotiirm of tho plum curciiUo. 




fall 



and nl»io with the variety, llapidly j^rowinfj; summer or full varieties 
of apj)les yliow the injury perIiai>H worst, while in the case of .-^owcr- 
f^iowin^ winter applew the injniy i.i more likely to be oiit'^i-own, tlni 

puntftures showing in the 
more or less nail- 
shaped scars, not affecting tin; 
quality of the finit. lliough 
det meting fi'om its appea r- 
anee. (See fig. .showing 
d«formisd T^lich««s apple*.) 

^^letl be#y*«. of thii new 
gojiaiH'tion ibf>peH r in lafet* 
glimmer and fall they ffttwi 
upon the. fruits, producing 
injuries sliown in fignro <>. 
^^'itIl the snout a hole is ex- 
cavated in tho ap])Ie. and the 
flesli is en ten out under the 
skin surrounding the punc- 
ture as far as this organ will 
i-«ie4i. 'pus '^fsll " Aaaling ptni4iakiu'(# is oft«4i very much in evidenue 
in orchards wli«ro i\m inii|»ct i^ abundant, anil tiie injury is at tiniiit 
conaiderablc. I)ecay of the fiuit often starts at t4ic injni-ed jjlflee, 

4»2 
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spreading from a^nd enlarging" tli© cavity, as shown in the figure, and 
seon rendoriiag the fniit fvorUikuis, ^cept for ifai»i&£ii»te use. Fruit 
thus punctifred in the fall will not, as a rule, k®ep well in storage 
and should not, of course, be included in the best grades. 

Although the curculio larva is able to develop on the trees in 
peaches, plums, and cherries, it does not appear to be able to do so in 
apples and pears. The larvre, however, develop perfectly in apples 
which fall to the ground, and orchards are thus kept well stocked 
with the inseet. 

PERIOD OF OVIPOSITION AND NUMBER OF EGGS LAID. 

The adult beetles are out and ovipositing on plums and other early 
fruit before applee, as a rule, are of sui¥k;i«nt size to be u^d. As 
soon as the apple is grown to the size of a small marble, however, it 
is attacked hy the eurculio for egg-laying purposes, and most of the 
eggs are deposited during the first six or eight weeks after egg 
laying begins. A largo number of records of the number of eggs 
deposited by the cui*culio in plums, peaches, apples, etc., has been 
obtained in different localities, as well as other data on the life and 
habits of the insect. 

It has been found that the greatest number of eggs deposited by 
any one female was 557, and the minimum 1, with an average of 
144.85 e^s per beetle for all the individuals under observation. 
AVTiilo tliare is much VRriation in the number of eg^ deposited within 
a given time in tJie several localities, there is a general agreement in 
that the great majority of the eggs are placed by the end of eight 
weeks; approximately one-fourth of the total eggs are deposited 
during the firbt two weeks; one-half have been deposited by the close 
of the first month ; three-fourths within six weeks, and about 88 
per cent of the total within eight weeks after oviposition began. The 
value of these data will appear when it is remembt^red that the injury 
to the apple results from the egg and feeding punctures, whieh it is 
desired to pirevent* To »ceoinplish this beet, sprays ngiust ht applied 
with timeliness and in eifect over a considerable ptriod. 

TIli[& REQUIRED FOR TRANSFORMATION FROM EGG TO ADUXT. 

Many observations have been made in different localities, which 
show the time spent in the fruit by the eureulio larva, and also the 
time spent in the ground, before and during pupation, until the 
emergence of the beetle. Thus the average time spent in the fruit 
(egg and larval stages combined), for the several localities investi- 
gated, proved to be 19.48 days, and the average time spent in the 
ground (as larva, pupa, and adult) was found to be 30.89 days, giv- 
ing an average life-cycle period for the insect of 50.27 days. 

492 
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Comiilete observations of the life cycle have also been made on a 
total of 507 individuals fro«i trawiy ^rfce of the country, which give 
a final average x>^r individual of 50.71 days, differing only a fraction 
of a day fi-om the tinie determined in an ^ee*iti«,Uy diflfere*it mannw. 
Approximately 50 days would therefore "iippeflr to be the average 
life-cycle period for the plum ciirculio for the couutrj' as a whole. 
The vnriation for ditTcrent individuals will be considerable, and a8 
actually determined in the case of individual records was from 37 
to 58.45 days. 

Kor practical purposes there is only one generation of the beetles 
each year. The adults, develojnng from fruit during the summer, 
spend the r&inaindcr of the time, until hiberuation btigius, feeiling 
upon the foliage and fruit. With the i*pj>ro*ch of cmjJ^J weather the 
Ijeetles seek shelter, apjiarwitJy wherevwi- Ihtw may b«, under trasli in 
orchards, along f&nces, and ixi simUwr plaoee. Tliay are always abun- 
dant in wootls adjacent io orcliards. 

CAN THE CURCULIO BE CONTROLLED BY SPRAYS? 

During the past few 3'cars nincli experimental work has been done 
in the use of arsenical aprayt; in tlie control of the curculio on apple, 
notably by Prof. Stedmun in jNlissouri and I*rof. Crandall in Illinois. 
Prof. Crandall's investigations extended over two ye*irs. In regard 
to the value of the work he states as follows: 

To snin up the mfttWn* t^irnylug for tfw cureuUo frotii tlie fet*ndpolnt ot 
results obtained dinMug the two seasons of and 19*M, It se»nis possible, 

under favorable eouUItlons and with n ivasoniible nniiiber of upplicatlons, to 
control curcullos to the extent of from 20 to 40 ix;r cent of the jiossible Injury. 
There Is benefit to bo derived from spraying, but not that degree of benefit 
which would warrant commendatloii of spraying the &ne gr«it panacea of 
Injury done by the curculio. 

!Many experiments by the liureau of Kntomology emphasize in 
general the soundness of the conclusions of Prof, Crandall. In the 
following table are given results of spraying for the curculio on 
apple as carried out by the Bureau of Entomology in di#arent parts 
of the country. 
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Anderson, Mo., 190S. . . 



Do. . 



r>o.. 



Westflelil, N. Y., 1908. . 

]>o 

N^rth Kast, I*a., IWO. . 



no.. 



Crot<|t, Va., lOOi . 
DO. 



St. Joa«ph, Mo., l^K). 



Bordtwux mixture (<-4-S0) 
plus 1 pound rsptefFreen. 

Donlpaux mlj^We i^-^m) 
plus 2 pouatte i y iifiat g of 
lead. 

Untreated .. 

Bordeaux mtxiuriB («-Mn> 

f>lus 2 poun (W «i««utte of 
B»d. 

Untreated 

llordenux mixture (A-i-fiC) 

plus 2 pounds arsoiute of 

leftd. 

UntreatiAd ■. 

Uordwux mixture (4-4-CO) 
plus 1 pound arsenate of 
lead. Trees dretirhed. 

Itordemux mixture (3-3-60) 

filus 2 pounds arsenate of 
pad. 

Untreated 

Bordeaux mixture (3-2^)) 

filus 2 pounds arsenate of 
pad. Trees dpen^ed. 
Bordeaux mixture (^-2-50) 

filiis 2 i>oundi arseoate of 

Untreated 

Bordeaux mixture (2-2-M) 

filus 2 pounds arsMiaie of 
amtl. TreM drenoJied. 
Bordeaux mixture (l-l-*0) 
vim 2 pounds arsentike of 
lead. 

tTntrceted. 

Arsenate of le.ad, 2 pwnds 

to to Kallens of water. 

Trees aratiched. 
Bordeaux mixture {A-4-tO} 

plus 2 pounds arsenate of 

lead. 

Vn treoted 



Number 
of Bound 
apples. 



1,710 



300 



37,304 
26,807 



I,8B7 
2,840 



2,470 
4,307 



ToUl 
number 
of r^jplea. 



43,203 
S2,4:>I 



4,900 
4,4SB 



Average 
percont- 
ase 8f 
Bound 
applea. 



47.81 
J17.45 



67.00 
40. S2 



U. 10 
4.0fi 



Number 
of anplU 
eattett. 



None. 
4 

None. 
2 

None. 
1 



It will be noted that the results of spraying vary widely. It is 
apparent that account must be taken of other conditions, such as the 
relative abundance of the insects as compared with the amount of 
fruit present on the trees. AVitli a small fruit crop and an abundance 
of eureulios the most thorough spraying will not serve to bring 
through a satisfactory amount of sound fruit, as will be noted in the 
r^uUs of experiments at St. Joseph, Mo. With a large crop of fruit 
and an »bund«^ce of inse<^, results will likewise be disappointing; 
note the results at Mount Jaekaon, Va. If the eurciilios for ajiy 
cause are scarce, and there is a Inrgc fruit erop, injury is, of course, 
much less important. In other words, the degree of success in spray- 
ing varies with the abundance of the insects. "WTiile spraying is un- 
doubtedly a most important adjunct, and if persisted in from year to 
year may answer reasonably for its control, yet it is clear that where 
the insect is abundant other measures should also be employed. In all 
cast's which have come under our observations the insects have always 
been found most abundant in orchards whicdi are in »od or are poorly 
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eared for and allowed to grow up movte or I«ss in \veed,s wiul trash. 
Orcliards adjacent to woods will also usually suffer sev«r«ly, (Jkimj- 
cially iil6ng the border. As oppo9*'d to this condition is tTie notably 
k'ss injury in orrhardb hvpt free from weeds and trash. In siicli 
cases the sprayiu/^ nsunlly given for other orchard iu.sects, as the 
codling moth, serve to keej) the cnrcuUo well under control. In fact, 
it may be said as a general statement that this insect will never be- 
conio seriously troublesome in a])])le orcliartls given Ilic nsnal routine 
attention in cidtiviition, spraying, jinining, ate, now consideriul ea- 
seiitial in suct?e«sful fruit gTOwing, 

ThS lesser APPLfe WO^M, 

The l>arva of tho le**ser apple worm {KrmrmotHa ■prtMimtoT^ \¥^ft4^h) 
and its work have been quite generally confusod with tho«e (>f the 

coining moth. The ca-ttJrpil- 
lar when full grown is about 
oue-lmlf Oie size of the full- 
grown codling*moth larva, 
and is fusiform in shajic and 
usually pink or flesh colored. 
A codling-moth larva of thirf 
size i» rarely, if ever, pinkish 
in color, but dirty white, 
and marktwl with blnojc dot«. 
The injuries of the two wpu- 
cies are in a way quite simi- 
lar. The first-brood larvw 
of the lesser apj^le wonn 
enter the fiiiit mostly at the 
caly.x end. Cavities or holes 
from one-fourth to one-half 
ineli deej) are eaten into the 
flesh, more or less around tin* 
calyx lol>es and core witliin. Tli* larva', Imring directly through the 
bkin at the base of the oalyx lob^^, or, more eonunonly, entering the 
calyx cavity, excavate mines or sliort burrows down into the flesh. 
Frequently also tlie larva* buirnw out in the calyx basin just under 
the skin, producing winding or blot h mines (nee fig. 7). Such mines 
occur on the sides of tlie apple, especially where two fruits are in 
contact. Vouiig fruit thus injured usually falls or ripens jirema- 
turely T^ater in the season the calyx-end injury is alKtnt as described, 
(N^ougli th« surface injury is more conunon, the l«rv*^ .eating out th<^ 
riesli undw tJie skin in large, irregabir, more or less I'mawr ]>atG]ieSj 
whicli are quite c;on*;])icuous. I^vrvai of this species wppurently do 
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7. — Injury by liio leaiwr »pal^jwprni {Knar- 
mionia prtmivttraS In iMyk uiHl «n<l of u 

pipe npple. 
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not reach full development as early in the fall as those of the codling 
moth, and may find their way to barrels with the fruit, where they 
continue to feed, often (loinjr considerable damage. Figure 8 illus- 
trates apples thus injured, as found in barrels on the ^yashington 
market. 

The lesser apple worm is probably a native insect, and it infests 
other fruits, wild and cul-tiviited. Jt^ is racorrleKl from »Jl>pI«^, haws, 
plums, prunes, eherries, p&tiches, and species of Crata-gus. It has also 
been reared from the black-knot of plum, and from galls on oak and 
fhn. 

Its life history and habits probably closely parallel those of the 
codling moth. It is known to l)c present quite geneniUy in orchards 
from Canada south to Georgia and west to the Koeky Mountains. It 




Pio. 8. — Injury by Ipsser applt* twirnm to npplos after harrcUnff. 



has been found abundantly in apples in the Puget Sound district in 
Washington, and is known also from British Columbia. 

The .schedule of treatments recommended for the codling moth 
will be effective in the control of this sp#ci«s. 

CANKERWORMS. 

Two species of cankerworms in the l''nited States are often de- 
struetivtt psets in apple orchards, fche larvfG uiakiug tlioir app«*aranee 
shortly ait«- tlie le*ir#« hi^ve put forth. 'I'he cAterjiillai-s (fig. 9) 
ai*e m^dwr small, siftuder, usked creatures with tjie habit of looping 
as they crawl, for which reason insects of this Iiwbit nvc commonly 
de^iignatod as " sjiiin worms'" or "measuring worms." The fall 
cankerworm {AlsopMla poinetaria Harris) occurs more commonly 
in the northern United States, as from Khode Island to Canada and 

313.^6°— Bull. 4)»2— 12 .S 
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westward fo Tjake Superior, nnd it is also coininou in California. 
The spring cankerworm {Paleacrita vertvata Peck) is pnrtictilarlv 
abnndant in the Mississippi Valley from Texas to Iowa, ran^rinj; 
aastwnrd to Maine. It is comnioii in the orchard section of northern 
Virginia, western Maryhind, and West Virginia. The two species 
thus overlap in <heir distribution nnd both may be concerned in the 
defoliation of an orchard, especially \n the northeastern part of the 
United States. 

The fall cankerwonn deposits its ejrgs in ringlike masses on the 
fwigs during late fall or in wnrm periods during the- winter. The 
spring cankerworm oviposits in early spring, before the buds start, 
in irregular masses under bark scales, along the trunk and limbs, 




Pio. 9. — Spring cankerworms. KnlnrRcd. 



or more or less promiscuously. The yoimg larvte have hatched 
and are attacking the foliage by the time the young leaver are well 
frcMj from the bud scales. They often occur in snch enormous num- 
ber's that the trees are quickly defoliated, leaving only the midribs 
of the leaves (see fig. 10), the orchard from a distance appearing as 
if swept by fire. After the larvie mature they go to the ground and 
pupate just below the surface, nnd arc easily destroyed by plowiug 
and cultivations during the late spring and early mid.siimmcr. There 
is only one generation of the insects each year, the adults of the fall 
species coming out in late fall and winter, and those of the spring 
species in early spring, as stated. The adult females of both species 
are wingless and must crawl up Uia trunks of the ta-ees to ovijiosit. 
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TREATMENT. 

Tlii*ee methods of control arc applicable aj^ainst cfliikej'worins. and 
where the insects havo been quite injurious the use of nil three 
methodr in conjunetion mny be udopted. 

The winf^Iess moths, and nh.n the caturpilhirs, may be prcventiil to 
a h\rge extent from reaehing the foliage by the use of bands of sticky 
substances around the t«'mtk» of tr^as, %om9 12 to 18 indics fi'om the 
ground. Some 

tions ^tir this pitr- 
ptyfio iMo on the 
market, or home- 
made adhesi ves 
may be used. A 
simple plan is first 
to scrape off I ho 
rough bark from 
th* trunk of tJie 
U«e in a band 8 
to 10 inches high, 
and surround the 
tree at this jjhiee 
with a strip of 
i-tiir paper, tying 
tightly, so that no 
/noUi or larva can 
work up the trunk 
boiiejith it. The 
paper band Sfihould 
then be coatiwl 
with a sticky ad- 
hosi ve, which 
should be replen- 
ished as often as 
nece ssa ry t o k ee p 
it in good working 
eonditiou. This method is es?pecinlly suited to large tives in lawns 
around the home, or eli9ewhoi-e, whtta-« plowing and spraying nro 
eonsi(lei*ed imi^rae^tioable. 

The lame are r«*Hdily poisoned with arsonicalfi, as arsonRl*' of load 
and Paris green, used at usual strengths. The first triidtment for 
apple scab, while a little \iitv for cankerwonns, will in most ca^^ 
answer fairly well, and where the insect is troublofjomo an urseaiictil 
should be added, as for the bud moth. 
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Plowiiif? orchards during lute spring nnd early summer, with a 
few snl>sequenfc cultivntious, will destroy most of the pupie in the 
soil. Care should be taken to stir the soil beneath the spread of 
the limbs of the trees, as in this soil most of the pnpaB are located. 

Kxcept during vory unusual conditions of abundance, orchards 
properly sjjrtiyed and cultivated will not be troubled by these inseets. 
Cankerworms thrive in n^^l^kksd old orehartls in aod, and may 
appear for sevwal seasons in succession, and by devouring tlie loaves 
d«*&troy the fruiting capacity of the trees. 

THE BUD MOTH. 

The larva of the bud moth {Tmetocera ocellana. Schiff.) winters 
in a little hibernaculuni or cocoon of silk covered with bits of dirt 
jukI bark attnohed to the limbs and twiys of trees. Karly in the 
spring, us the buds of the apple are opening, the little dark-brown 
oaterpilliirs, scarcely (*ue-fourth of an inch long, leave theii' winter 
quarters and attack the tender developing leaves, often boring into 
tho bud before the sscales have spread apart. AVhen abundant the 
Jarvu' are thus able to tlo a large amount of injuiy. Severe thiuiage 
may rosult to nui-sery stock or youn*; ti-ees following attack on the 
terminal buds of twigs or shoots. In som« cases the twig itself is 
peaietnited, the larva borinjf down into the pith some 2 or inches. 

After their appearanco in spring the larvpe continue to feed, mostly 
at night, for some six or seven weeks, attacking principally the leaf 
ami fruit buds. When fidl grown they pupate in a tubular fold of a 
leaf, well lined and securely fastened with silken threads: or two 
or three partly devoured leaves may be drawn together and within 
those the eoeoou is niade. In New Vork State, and probably in the 
Xew England States, in which region this pest is frequently com- 
plained of. pupation takes place on dates varying from about June 1 
to June Oil. Moths begin to emerge as early as Jun» 5, and emergence 
oontinues somewhat later than July 10. Kggs are deposited for the 
most part singly on the lower surface of leaves and hatch in from 7 to 
10 da^'s. The newly hatched larvjr* construct a tube along the mid- 
rib or larger vein of a leaf, from which they emerge to feed on the 
adjacent tissues, spinning as they go a web of silk for their protec- 
tion. Keeding continues dunng July and August, and a few are 
thus engaged in September, when, deserting the foliage, hibernacuhi 
are constructed, as described, in which the half-grown Inrvte i-emain 
until the following spring, attacking tho buds as stated. The prin- 
cipal injury results from tho attack to tJie Pinfolding bnd.s and to 
the fewigs in the spring. Hlthongh in no^lactod orchards considerable 
injury to foliage may result from the feeding of the young larvre 
during midsummer. In more northern latitude the bud moth is 
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single-brooded, though in thi* central and more southern States it is 
tJiou^lit thut tliei-e may be two bmtHls of larvae eHch ytmv. 

TREATMENT. 

The control of the bud moth rarely rcqtiires treatments otiier than 
tiiose ^iven in the course of spraying adopted by progressive or- 
(JiardiKts. The fir^ fere«tment for apple scab coincides fairly well 
with the time when tlit^e Ittrvee 
are acti\'ely feeding in the 
spring, and where their injuiy 
has been noted or is suspected 
nn arsenical slioiild l>e added to 
^ the fungicide used. The spray 
application after the falling of 
the blossoms, constituting the 
first treatment for the codling 
itiotli, is efTective in further re- 
ducing the bud moth, and the 
two ti'CHtments should, under 
ortliniiry conditions, be sufii- 
cient to keep it well roduced. 

THE APPLE - TREE TENT 
CATERPILLAR. 

The conspicuous, unsightly 
n«ets or tents of the apple-treo 
t«it caterpillar {Malaconoma 
mnerieana Fab.) are not often 
seen in well-cared-for orchards, 
as thi.s insect is kept av«1I in 
check by the usual applications 
of arsenical sprays for tlie 
codling moth, curculio, <'tc. 
Tlie nests, howevei*, are often 
in evidence in neglected or- 
chards and in treos along road- 
sides, and indicate a lack of 
iiitei-est on the part of the 
landowner in his orchard crops. 

The insect winters in the egg stage, the eggs being placed on 
twigs in a ringlike nniss. The young larvie apjiear as the foliage is 
pushing out in the spring and at once start their nest in the crotch 
of some limb or brands, in which they retreat for protection wlien 
not feeding. As the caterpillars grow the nest increases in size, 
until by the time the insects ai'C full grown, it is a conspictious, 
unsightly object. (See Fig. 11.) 




Fro. 11. — Nest and larva) ot the apple-tree 
tent cuterpUIar (Malacoaoma amerirana). 
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TREATMENT. 

As stated, orchards well spra^mi for tvxi'it li^B will mrely 

be seriously troubled by the tent catei-plllnr. Kevertliolfss the insect 
durinji; certain seasons iiuiy become xnnisually abundant and special 
treatments may be necessary for its control. The destruction of 
the nests themselves and the contained cuterpilhii-s is comparatively 
easy. Where the nests aie low down on the tree it will bo practical 
to destroy thcni by hand, or, if the nests are out of roach^ they may 
be dcst^ro^'ed by means of some fonn of toi*ch on a pole, the torch 

beiu'5 made of 
a jbestos or other 
absorbent mate- 
rial sat u ra ted 
■with an inllaiu- 
mablc oil, such 
R kerosene or 
cnulo petroloxuu. 

THE SAN JOSE 
SCALE. 

The use of 
dilute lime-sul- 
jihm* sprays as 
f nn*ricides on 
tre&s in foliuare 
appears to have 
a distinctly re- 
tarding; effect OH 
the de^'elopment 

f-iu Ix— tlB,lilB-Eii Mn^Ar hni1(i> huh'Blnri wiTh l-ki> Snn Jose Hcate of thc San Jo^-e 

'"^ " ^"^ scale. "Whiloall 
orchards infested with thi.s insect should be given thc usual dormant 
tree treatment, for one reason or another considerable numbers of 
the scale may escajie destruction, especially on the terminal twigs, 
which are more difficult to eoat thoroughly' with the wash. The 
scales which thus escape are usually so few in number that no serious 
damage r^ults during the season to the twigs and branehi^ffi, but the 
young "lice" have a tendency to crawl out and settle on the fruit, 
thereby greatly disfiguring it. (See Kig. 12.) '^I'lie presence of 
these scales is very objectionable on apples intended for export trade, 
as jcale-infestetl fruit is excluded from entrj' by certain foreifrn 
governments, and is discriminated against by buyers generally. The 
following data (Table IT) on the cflect of sulphur sprat's in lessen- 
ing scale infestation of tha filiSfe wei'e obtained by Mr. E. W. Scott, 
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of the riureiui of Kntoinoli.^', in tlio cour^ of some expwriniontal 
^^•ork dining? 1911, at Konnville. ilich.: 

Table 11. — Jtesulls of iivic-Hti^phur sprays In prcrcnting mnrlctno of fruit bu 
tht' Son Jose firalr. 



Commercial llm* milphu 
60; fipmycd May I'i, 'M 
H, July 25. 



.do.. 



CuninicTi'lal lime nulphiir. 1J to 
so: May 12. 25, June 14. July 25. 
Bordeaux mixture (3-4-50), ilay 
12, 25, Jiiiwn, July 25. 

do 

Utis^rayed 



naldwln, . 
Grp^uing, , 



niUdwln. . 
Ilaldwln. . 



Number 
of apples 
Infraled. 



fMled. 



1 , S1.1 
2tW 

1.055 

500 



Tola! 
uiimber 
of apples. 



4.018 

311 

1,WW 

1.02.5 
l.(l«l 
WW 



rercwit- 
ajceofun- 
ijire.sted 



The inniieiieo of the wiilphnr pprays in checkin^j the settHnfj of thr 
young sc^lew on the fniit i.s here veiy marked and fnnii^hws an added 
reason for the use of sulphur sprays as finifjicides. 



APPLE SCAB. 



ECONOMIC IMPORTANCE. 

Apple scab is a fnnf^ous disease of the fruit and foliage of the 
apple and ranks as the most destructive di.scasc to wl\icli this fruit 
is subject. In unsprayed orchards it often cans<»s the loss of 50 to 
75 per cent of the crojj, and not infrequently the entire crop of certain 
varieties is rendered unfit for market by the deformed, cracked, and 
tinsi^htly condition |>rothic«d by th« fungus. Alfscted fruit is 
usually small, unsightly, often oi'acked, and do«* not koe-p well, 
lloweve^r, since the praeMQ^^ of sprayinj^ has become R&neral among 
apple growers this condition has b»en lar^pely relieved. 

DISTRIBUTION. 

Apple scab is common practically wherever the apple is grown — in 
America, Kiirope, Australia, New Zealand, and elsewhere. How- 
ever, it is essentially, a cool-cliniate disease, and in the United States 
it is most destructive in New Kngland, the Middle Atlantic St-ates, 
the Great 1,-akcs region, the Mississippi and Ohio Valleys, and por- 
tions of the Pacific Northwest, In the Southern States it is not a 
stwions pest, except on tlie higher eJevatians, und then only on very 
susceptible varieties. 
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CHARACTER OF THE INJURY. 

The fungus eansnig apple, scnb attacks tlio fruit, foliage, and to a 
much less extent the twig. The greatest damage is done to the fruit, 
on which it produces the scahhy spots familiar to most ai>i)le 
growers. These spots a re circular, though somewhat irregular, in out- 
line, dark gray or olivaceous in color, becoming blaeki.sh ^vith age, 
and tliuy range in size from mei^ speeks to spots one-fourth inch ov 
sometimes one-hslf inch in diameter. (See fig. l.T.) The fungus 
ruptures the epidermis of the apple, forming ft ^^y* 3'^K»6^1 i"^rig 
the border of the healthy tissues. Two or more spots may coalesce, 
forming a large scabby area, in some cases covering one side of the 
apjile. The <lisease prevents the iiornuil development of the fi'uit, 
the alFected side becoming dwarfed, pitted, and otherwise deformed. 
It a.lso causes the development of cracks, which may extend half 




Fiu. 13. — Applon affrtctod with the scab funt^ufi, the one on the I»ft ahowint; characteristic 
HpotH nD<I the one on th(> rl^ht Hinnllcr apotn wllh cruc-k. 

way aroniid the apple and almost to the core. A large percentage of 
the fltl'ected fruit drops to the ground before maturing. 

In II coo], wet sjirinjif thfe bloHSom buds und young fruits in blossom 
may be attacked and destroyed. Occasionally, though rarely, the 
entire crop of a^^ important fruit section may be destroyed in this 
manner. 

The disease occurs on both sides of the leaves, forming smoke- 
brown or olivaceous patches; which become -wolleu and blistcrliksi^ 
(Sec fig. 14.) The affected leaves often curl somewhat and may 
drop i>reinaturoly. The fungu.s is said to occur also on the twigs, 
forming blackish-olive patches, but this is apparently not common in 
Wie United Siates. 

THE FUNGUS CAUSING THE DISEASE. 

Apple scab is caused by a fungus known as ]'e/ifuHa pomi (Fr.) 
Wint., which lives over winter in the fallen apple leaves. In the 
spring, when the wewUier becomes warm enough to start apple trees 
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into growth, the funj^us becomes active, producing large numbers of 
spores, which are diachiirged into t-he air and oarried to the young 
loaves, blossom buds, and later to the youug fruit. If there is suffi- 
cient moistui'e present these spores germinate, produeing infections 
that devclo]) iuto the cliai'acteristie scab spots. Summer s]>ores are 
soon produced on these spots, and through them the fungus may 
readily .spread to other fruits and leaves. 

The period of greatest infection is from the time the' first apple 
leaves apjiear until about four weclcs after blooming. The fungus 
thrives best in eool, moist weather, sueh ^ 
as is likeU'' to occur during this pt^iod. .Jt. 
Hot weather is very imfuvorable to it. 
Had infcetious rarely lake place after 
summer sets in. However, in the Xew 
Englaud States a second infection period 
sometimes occurs during September, and 
from these Inte infections small scab spots 
ma}' develo]) after the fruit is ])iekod and 
stored. 

TREATMENT. 

Scab was one of tlie first apjile disea.scs 
lo receive attention by investigators, and 
its successful ti'catment was worked out 
as early as tSOl. Until quite i-«ccnt3y 
spra3'ing M'ith Bordeaux mixture con- 
stituted the remedy for it. but owing to 
tlie injurious effect on both fruit and 
foliage produced b}' this othcn\'ise excel- 
lent fungicide, especially during wet 
seasons, dilute lime-sulphur solution is 
rapidly coming into use as a substitute 
for it. T^imc-sulphur solution has about 
the same fungicidal value as Bordeaux 
mixtvire in the trtMitment of apple scab and produces decidedly less 
inj'nry to fruit and foliage. 

Lime-snlphnr solution may be purchased from sevM'al manufac- 
turers or it may be jji-epared at home. (Sec pp. 38-40.) Taking a 
solution that registers 32^^ on the Baunie hydrometer as a standard, 
tlie strength to use in spraying for scab is 1} or gallons to each 50 
gallons of water. On varieties seriously attacked by scab and in 
localities where the disease thrives the greater strength should be 
used, but in order to reduce the danger of injury to a minimum the 
weaker spray should he used where only slight outbreaks of scab are 
expected. Arsenate*of lead at the rale of B pounds to each 50 gallons 
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of solution sliould be added to control the codlinj^ luotli, cureiilio, 
and other insects. 

Spray the trees (1) when the chisler buds open, just before bloom- 
ing; (2) as soon as the petals fall; nnd (3) two or three weeks 
later. Varieties only slightly affected by scab, especially in the 
South, do not require the fii-st application of this series, the two 
sprayings after the petals fall being sufficient to prevent the disease. 
On the other hand, in Xew England an extra application about the 
middle of Au^st may be r»(iuired to prevent lat« scab infections 
on some very susceptible varieties. 

BITTER ROT. 
ECONOMIC IMPORTANCE. 

Tn sections where it is prevalent bitter rot is the most dreaded of 
all the common apple diseases. After the fniit has been safely nursed 



therefore does not occur to any serious cxtwit in the more northern 
parts of the ai)ple belt nor in the drier sections of the "West. It is well 
distributed throughout the Southei*n States where ajiplcs are grown, 
extending into southern Illinois, and has in the past destroyed several 
million dollars worth of apples during a single season. However, in 
recent years, since its treatment has been better nnderstoo*l and moiv 
thoroughly pnt into practice, the annual losses have not been so grent. 



The bitter-iot disease appt4«rs on th« fruit as a. circular brown spot 
with concentric rin^ of fruiting pustules. (See fig. 15.) The 




Via, 15. — Apple affected with bUlor rot. 



through the attacks 
of scab and the cod- 
ling moth and is 
about ready to be 
harvested an o\it- 
brcalf of bitter rot 
may destroy the en- 
t i re crop of some 
varieties withoat 
much warning. It 
is rather spasmodic 
in its appearance, 
depen ding 1 a rge ly 
on weather condi- 
tionri. Hot weather 
with plenty of 
moisture is essen- 
tial to the rapid 
development of the 
disease, and it 
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young spots are very small and often show purpHsli or re(l<5ish mar- 
jljins, but under favorable condition* thm,y rapidly etnlnrtfes involving 
the entire apple in decay. The diseilse extends inward toward tho 
Qore at about the same rate as the spread on tlie surface, forming a 
eone-shaped area which ean be easily crushed out with the finfi^ers. 
Owin^ to the slirinking of the invaded tissues, the spots become 
somewhat sunken, and this distinguishes it from hlaek rot and brown 
rot. Several spots, or, in severe cases, several hundred spots, may 
occur on the same »pple, although one .spot is sufficient to dest^'oy 
the whole fruit. 

CAUSE OF THE DISEASE. 

liitter rot is caused by the fungus Olomerella rufom-a<rulan^ 
(Berk.) 8pauld. and Shrenk, which invades the tissues of the apple, 
producing the familiar spots described above. It passes the winter 
in cankers on the limbs and in mummied fruits. Under favorable 
weather conditiotis spores from (hose sources and perhaps from un- 
known sources infect the fruit, startini^ an outJareak of bifeter rot. 
When tlie germ tube, resulting from the germination t>f a spore, finds 
its way tJirough the skin of the apple, it immediately begins to branch 
and grow rapidly, obtaining its food supply from the tisjdues and 
causing these to die and turn brown. After a time clusters or tufts 
of fruiting branches are formed and these burst through the skin in 
rings, producing pink masses of spores which serve to spread the dis- 
ease to other apples. Millions of spores are produced from n single 
spot, so that under favorable conditions the entin; crop of an orchard 
may become diseased from one center of infection. 

In addition to tJie summer spores or conidiiv, there are produced on 
the mummied fruits and in limb cankers wint^ spores or ascospores, 
which constitute the perfect stflge of the fungus. It is not definitely 
known that these ascospores play any important part in the life 
history of the fungus. 

THE LIMmWG FACTORS. 

Barring preventive measures, the two limiting factors determining 
bitter-rot outbreaks are weather conditions and varietal resistance. 
ITeat and moisture are essential to the vigorous growth of the fungus, 
and of these two heat is the more important. "Wliile hot, showery, 
or muggy weather is ideiJ for the development of the funjj^ts, serious 
outbreaks of Uie disease may occur during eompuraitively dry 
weather, provided the tempera44irc is high and the dews a4^ heavy at 
night. 

Infections may take place at any time during July, Atigust, and 
September, but rarely eflrlier or later. High summor temperatures 
are required for the rapid growth of th« fungas, mid them are th« 
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months in whioli such tmnperatures usually occur. Infections may 
begin to take place during the latter part of June if the weather con- 
ditions are rif^ht, but since the fungus does not thrive on young, green 
fruits, no serious outbreak need be feared until July. Owing to cli- 
matic influence the bifter-rot disease is confined mainly to the south- 
ern tier of apple-growing States. 

The second limiting factor, namely, varietal resistance, varies ii^ 
different sections of the country. Vor example, the Yellow Xewtown 
in Virginia is v&ry susceptible to Uie dlse^ee, and iindtM- favorable 
conditions the entire crop may be destroyed, while the Ben Davis in 
the same orchard will become only slightly, or not at all, affected. 
On the other hand, the Ben Davis, in portions of the Middle AVost — 
Bonthern Illinois, southern Missouri, and northwestern Arkansas-— is 
one of the most susceptible varieties. This would indicate that there 
are two strains of the fungus, the Ben Davis being susceptible to the 
one occurring in the West and resistant to the one occurring' i^ 
Virginia. ^ 

The most susceptible varieties grown in bitter-rot sections art*^ 
Yellow Newtown, Willow, iFuntsman, Smokehouse, Stark, Jonathan, 
Ben l>avis, and many other less prominent varieties. 

TREATMENT. 

Although it has been abundantly demonstrated that bitter rot can 
be readily controlled, even under the most severe conditions, many 
apple growers look upon it as the most treacherous of all the diseases 
with which they have to contend. The chief reason for this is the 
irr»^?ularity witli which tlio diswase appears. One year an outbreak 
may occur in July, while the next year the diswise may not appt»ar 
until Septambec. Varieties partly resistant to the disease may go 
through several seasons without becoming afTected, but when there 
comes a season unusually favorable to the fungus, much of the fruit 
of the ie varieties may be destroyed by the disease. This erratic Iiabit 
of the disease keeps the apple grower in doubt as to when to expect it 
and when to spray. ITe does not care to give bis orchard three or 
fovir bitter-rot sprayings when there is no bitter rot to tight, and he 
is lo«th to begin the treatment in June if tbe disease do&s not occur 
until September, yet tbe only safe plan in bitter-rot districts is to ex- 
p«<!t the disease ev&ry year and to keep the fruit protected from the 
lattot' part of June until the end of September. 

Bordeaux mi.xture is still the best fungicide to use for bitter rot, 
the lime-sulphur solution having proved only part,ially etl'ective 
against this disease. Fortunately Bordeaux mixture has very little 
or no injurious effect on the apple after the young fruits have at- 
tained an age of G or 8 weeks, and may therefore be used for bitter 
rot with comparative safety. 
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As to slreng:tli, the mixture should be used as weak as is consistenfe 
witli £?ood results in order to avoid ms much an possible leaving a 
frfain on the ripe fruit. A mixture eomposed of H pounds of blue- 
stone iind 4 pounds of lime to each 50 gallons of wiiter, if proj^crly 
applierl, is sunieieut for ordinai-y bitter-rot treatment; but the very 
susceptible varieties in districts whore the disease is common should 
be spniyed with a stronger mixture, composed of 4 pounds of blue- 
stone and 4 pounds of lime to 50 gallons of water. 

In order to protect the fruit throughout the possible bitter-rot in- 
fection ]je-i-iod the trees should be sprsiyed four tiinos at intervals of 
two to three weeks, beginning seven to eight wo^ks after the petalsi 
Imvebeeu shed. Tn the bitter- rot belt the dates of the np]ilic!ition would 
be about as follows, t)iou£rh vaiying somewhat with the season : 
(1) Juno 25-30, (2) July 10-15, (n) July 25-31, and (4) August 
10-15. Such a course of trentinent, properly carried out, will secure 
protection against outbreaks of bitter rot under the most adverse 
conditions. By observing the weather conditions and watching for 
the first infections the first application may be delayed a few days 
and the intervals lengthened so that three sprayings can be made to 
do the work. With very susce])tib]c varieties this is risky, but with 
varieties only moderately susceptible three sprayings are snflioieiit. 

Tlie ix-moval of cankered limbs and the destruction of bitter-rot 
mummies doubtless help to control the disea.se, and should be prac- 
ticed, but these precautions can not take the place of spraying. 

For the control of the second brood of the codling moth arsenate 
of lead at the rate of 2 poMn<ls to each 50 gallons of Bordeaux mix- 
ture should be used in the second and third bitter-rot sprayings. 

APPLE BLOTCH, 

Apple blotch may bo considered the scab disease of the South, its 
effect on the fruit being very similar to that of apple scab. It is 
well diKtribnted over the southern half of the apple belt, beginning 
iipproximately where apple scab leaves otT, although there is con- 
sideriible overlapping of the two diseases at some points. At present 
the disease is most destructive in IvMusns, Oklahoma, Arkansas, Mis- 
souri, Ivcntucky. and southern Illinois, The destruction of half the 
crop of certain varieties is not an infrequent occurrence in some of 
these badly affected districts. The disease occurs on the fruit, twigs, 
and leaves, but the principal damage is done to the fruit, 

CHARACTER OF THE INJURY. 

On the fruit. — Apple blotch appears on the fruit as a hard brown 
spot with a roughened surface and a someAvhat jagged margin. The 
blotch or spot is «t first very small and light brown in color, but it 
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frriuliinlly culnrfi^os, finally attaining a size of one-fourth or some- 
times ono-hulf inch in dinmeter. (See fig. 10.) The ndvancing mn*- 
ghi usually has a fringed appearance, and the surface is dotted 
niiinite, black, raised dots known as pycuidia. 

The spots may become ao numerous as praetieally to cover one side 
of the apple, causing it to ripen and drop prematurely. They are 
usually aceompnnied by a cracking of tJie fruit, thus opening the way 
for other fungi and insects as Avell. Some of these cracks arc v«j' 
Rinail, Avhile others are half an inch or more in Usugth. The app«i(f>^ 
ance of affeeted fruit is so marred as to render it practically imfit f^t 
market. 

On the twigs.— The fimgus causing apple blotch attacks the twigs, 
fruit spurs, and " Avater sprouts," producing small brown cankers 

with ])urpli,;h margins. These 
eankers are usually only about 
one-fourth by one-half inch iu 
size, but may become consider- 
ably larger and often girdle 
the aiFeeted twig. With aye 
the bark over the diseased area 
becomes cracked and scales up, 
giving tlie eanker a rough np- 
pearanee. These eankers as a 
rule do no serious damage to the 
tree, but the fungus passes the 

-Mnlden n'«h apple affected with ^^iuter in thcjll Mid they thuS 

apple blotch. l:)ecome a dangerous source of 

infection for the new fruit crop. 
On. the leaves. — ^-The leaves also become affected and here the disease 
manifests itself in the form of very small light-brown or yellowish 
spots. These spots are angular in outline and attain a size of only 
about one-si.xteeuth of an inch in diameter. The spots are usually 
very numerous on leaves of trees alfected with the twig cankers, hut 
they nve so small that the injury produced is not often serious. 

CAUSE OF THE DISEASE. 

Apple blotch is caused b3' the fungus Phyllosticta solitaria K. E. 
The fungus lives over winter in the twig eankers, where it is perennial, 
and in the sjjring produces spores which ooze out in great ninnbors 
from little black raised points or pycnidia. These spores are earriod 
to the fruit by rains, wind, and perhaps inscets. Upon germination 
in the pi*esenco of moistin*e they throw out one or two fungous threarls, 
which penetrate the skin, beeome much branched, and grow slowly in 
a radial manner, finally producing the brown blotches. 
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On the young spots the fmiKns growing undernonth produces small 
black i-eceijtacltss in which sjiores are borne. Thejse si>ores, when dis- 
charj^ed, may infact otJisH* fruits, Iwiv««, jwid twigs. 

INFECTION PEPIOD. 

The fungus in the twig rankers becomes active about the time the 
apjile trees bloom, and about four weeks later fresli spores are pro- 
duced, rendy to infect the fruit and leaves. If the weatlier c<mditions 
are favorable, infection.^, therefore, begin to tnke plnce from four to 
five Aveeks after the petnls full. Infections may contiime to take place 
for sw\eral wet4<s. but as a rule the chief damage to tlie fruit crop 
reBults from the infections occurring witln'n six w««ks after the ]>«*tals 
fall. Spra\ing for its contj'ol should, thei-efore, l>e done in lime to 
protect the fruit from these early infections. The fungus is n .slow 
groAvcr nnd the spots may not show uji until two or three weeks have 
elapsed after infections have taken place, so that to begin spraying 
when the first s]>ots appear Avonld be lunch too late to jirevent the 
disease. 

TREATMENT. 

T"^nfortunately the lime-sulphnr sprays have not proA-ed entirely 
satibfiietory for the control of apple blotch. In orchards where the 
disease is not very .serious lime-s\d])hur solution may he used with 
good results, but for the present nt least the chief reliance for the 
prevention of the disease should be placed on ISordeaux mixture. 
I^ime-snlphnr solution should be used with the first codling-moth 
Fjiray as soon as the petals fall, thus avoiding a jiart of the danger 
of spray russet, and Bordeaux mixture should be used in the subse- 
quent applications. The spraying schedule for bad cases of apple 
blotch should be about as follows: (1) J^ime-sulphur solution as soon 
as the petals fall; (2) Bordeaux mixture three weeks later; (3) Bor- 
deaux mixture si.x weeks after the petals fall ; and (4) Bordeaux 
miture nine Avoeks after the ]K'tals fall. In a dry season the third 
treatment may I)e omitte<l, and in mild cases lime-sul]?hur solution 
may be used in all the applications. For the control of the codling 
moth and curcnlio, arsenate of lead should l« added to the first, 
second, and fourth treatments. 

CEDAR RUST. 

Cedar rust, also known as orange rust, is a disease affecting both 
fruit and foliage of the apple, quince, and other pomaceous plants. 
It is common in practicaly nil the. apple-growing districts cast of 
the Ifocky JSIoimtains, causing considerable damage to certain varie- 
ties of a.pples. In some sections the diwwhse is troublesome n«iTly 
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every year, hut as a rule desti'iict ivc outbrt*aks o»«iir at ratJiar wido 
intervals, depending; upon weather and other conditions. Since the 
fungus cansinff the diseuse pasw»s the winter on cethir ti*e*e and infee- 
tion ca4i take phiro only witJi spores from thsa^t source, the disease is 
confined to loealities whare the red co^:lar oceurs. 

CHARACTER OF THE INJURY. 

Ou the leaves the cediir rust disease manifests itself at first as 
minute, pule y; How spots, which niowly enlarge, finally atta-ining 




Via. 17. — FoUaKe of Vork Imperial applM it|hl#t*i HHth cedar ruat. 



one-eighth to oue-fouvth iueh in diameter and beeoming orange- 
colored, with snudi bhiek dots in the eenter. (Sec fig. 17.) Some 
time later, on the under side of the leaf Iwneath eaeh spot the tissues 
beeoiuB swollen, forming a blister or cushion on which eup-shaped 
spoi'e receptacles are produced. Tliese cluster cups are small tubular 
projections with fringed margins. 

When only a small perrentag^e of leaves is afl'ected, as is froqu©Jitly 
the ease, no notiee«.ble damage results, bnit susceptible varieties adja- 
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cent (o eetlar trees may become so badly affected that the trees ajipear 
yellowisli, even fit>m a diwtwnce. In sucli ca.ses the fuiietiou of tlio 
J^ves is so interfered with tJiat tlie fruit, the buds for the following 
ytMir, and the tree itself are not properly nourished. This results in 
suiall, immatiii*e, poorly colored fruit, as well as weak buds and a 
weakened coiiditiou of the trt;e. liadly affected leaves usually drop 
prematurely. 

Cedar rust appears on the fruit of the apple as bright yellow spots 
ubout one-half inch in diameter or sometimes larger. iJoth the black 
dots and the cluster cups occur on the spots, the latter usually 
forniin*; one or more rings near the margin. (See fig. 18.) The 
spots may occur at 
any point on the 
fruit, but they are 
most frequently 
foiuid near the blos- 
som end. In severe 
cases the affected 
fruit may become 
deformed or atro- 
phied, but as a rule 
thei*e is no disfig- 
uration other t^ian 
the presenee of the 
yellow spot. The 
market value of af- 
fected fruit is natu- 
rally reduced, much 

of it being dis- -'-.U' l-.,-. Jj^^-. on the apple. 

carded as enlls. The disease on the fruit is not so important as that 
on (he foliage, the greater damage being caused by the latter. 

LIFE HISTORY OF THE CEDAR-RUST FUNGUS. 

There are several diflferent species of rust fungi which pass a part 
of (heir existence on the red cedar and are obliged to spend the 
remainder upon the apple or some other pomaeeous plant. Ferhaps 
the most common of these is the one known as Gymnosporanghnn 
juniperi- oirginiano} Scliw. The spores produced in cluster cups which 
occur on the diseased leaves and fruit of the apple are carried by the 
wind to the red cedar trees, infecting the twigs of the latter and thus 
producing the well-known "cedar apples." (See fig. 19.) These are 
reddish-brown, globular swellings ranging in size from one-fourth 
to 1 inch or moi-e in diameter when mature. The fungus thus estab- 
Hshetl on Uie cedar passes Uie winter and develops during the follow- 
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ing summer, t'lilar^inf? the ^all. anti finally during the second Fprin^ 
throws out long-, yellowish, geltttpnoHS projeetions in which spores are 
borne. These sporofi, while stfll in the gelatinous mass, germinalp. 
producing a short fungus growth whieh bovirs iv crop of smaller 
secondary spores. AVhcn the 3'eliowisli mass dries these secondar\- 
spoivs ai-e carried like dust particles on the wind and when lodged 
on the fruit or foliage, of the apple germinate, g-iving rise (o n 
finigons thread, which enters the tissues and finally produces tlu' 
charaeteristic yellow or orange-eolored spots. Tenter the cluster cups 
are formed on fho underside of the leaf and on the fruit spots. Tii 
thwHC cups ai*e produced another kind of spore, which is carried hack 
to the cedar trees, as previously indicated. This takes place during 
Jidy, August, and September. The si)ores produced on tlio applo 

can not re-infect this plant, but 
mu.st find their way to the cwlar 
or perish. Spores for the in- 
fection of the apple must coine 
from the cc<Iar. 

INFECTIOK PERIOD. 

Plenty of iuoistin*e i.s re- 
quired, both for the production 
of spores on the cedar apples 
and for the germination of 
these spores on tlic leaws and 
fioiit of the apple. It natu- 
rally follows, then, that a Rcri- 
ous outbreak of the disease is 
Fia. 10. — Cedar runt dEspnsp on the codar. likely to occur during a wet 
(Co^nr apple.) Spring, while if dry weather 

pi-cvails very few, if any, infections can take place. Beginning about 
the time apple trees are in bloom, infections may take place over a 
period of three to six weeks, depending upon weather conditions. 
Tn warm, wet weather during this period the cedar apples throw 
out the yellow gelatinous masses in whieh the spores are i^roducecl. 
These may dry out and swell up again several times with alternate 
dry and wet weather, more spores being liberated each time. S\ich 
weather conditions prolong the infection j>eriod and result in a 
serious ontbi*eak of the disease on the apple. 

TREATMENT. 

Since the fungns causing the disease comes from the cedar trees 
and since the apple can not become infected from any other source, 
the natural and most effective romedj' is to destroy all red cedars in 
orchard districts. The cedars in fields or woods adjacont to the 
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orcIi«rds are (he inost ilaiigwous, but siuop Hn> R|H)ri>s ni c like iiiirticl«B 
of dust they may be carrieil on tlie wiiul f(rr 9«vi»i-h1 miles. Ho\vOT-»r, 
upon being ciirried so fur llicy would Ix- scattered oyer * wide ar«i 
iiikI llio chances for serious infection of any one orchard would 
usually Ik slight, especially since moisture is necessary for the germi- 
nation of the spores after they reach the apple. Orchards with no 
cedar trees within n mile niaj- be considered fairly safe frojn infec- 
tions. In cleaning up the cedars, the nnilerbrush, fence rows, and 
hedges should be ear&fully sourched 
for young cedars. Lillle cetlar plants 
only a foot hig'h often have <!cdnr 
apple*, and these are usually over- 
looked by the orchard ist. 

Spraying bus not prove<l entirely 
riatisfaetory in the control of this 
disease, although much can be aceom- 
jjlished by this method. The usuul 
treatment for scab and leaf-spot, 
namely, spraying (1) jnst before the 
blosKOuis opMi. (2) as soon as the 
iwlals fall, and (.1) three woeks later, 
will largely jjrevent this disease 
during some soasons. Tn showery 
weather, however, an extra applica- 
tion should be made alx)Ut 10 days 
after the petals fall. The sulphur 
sprays appear to be somewhat more 
satisfactorj' for this disease than the 
coi>per sjjraj*^. 

APPLE LEAF-SPOT. 

With the possible exception of 
sednr rust, leaf-sjxjt, also known as 
frog-eye, is the most important fun- 
gous disease nffccting the foliag^e of "'o- 
apple. It occurs in all sections east 
of the Tlockj- Mountains where the apple is grown and in uusjirayed 
orchaixls causes considerable damage by defoliating the trees. 

The spots are circular or somewhat irregular in outline, and red- 
dish-brown in color. Incoming grayish with age. (See fig. 20.) At 
first they appear as minute purjile siwcks, which rapidly enlarge until 
.1 diameter of from one-eighth to one-half inch is reached. The ma- 
ture spots are nsnnlly circular, but after midsummer may becouie 
irregular or lobed in oulJine, due apparently to « sweoHdary extwision 
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of tlie dise«se from two or more points on the margin of the original 
spot. 

Tlio leaf-spot disease liegins to appear earl.y in tlie spring soon after 
the first leaves nnfolil and infections may continue to take plaee until 
mid.siinimer or somewhat later. A large nnmbcr of spots may occur 
on a single leaf and in bad cases the trees may become defoliated six 
wofljcs or two monUifi before rtia ri.poning time of the fruit. As a 
r«Hdt of this premature defoliation, the fruit aithe-r drops off or re- 
mains small and is of poor qualitiy, tlie fruit buds »r* so wenjfaned as 
to deereaso the chances for a crop the following year, i>n<l M)« trma 
arc materially weakened. 

CAUSE OP THE DISEASE. 

The black-rot fungus known as Sphivropsis malorum Peak is tho 
cause of apple leaf-spot, or at leant it is the most common cause. 
Other fungi frequently occur on the diseased areas, but they are ap- 
parently secondary, and it has never been definitely proved that any 
of them are capable of producing the leaf-spot described above. 

The bla(jlv-rot fimgtis is jierhaps the most common fungus that oo- 
rui-s in pom» fruit orchards. Tn addition to the apple leaf-spot, it is 
the cause of the black-rot of apple, pear, and quince, and produces 
cankers on tho trunks and branches of these frnit trees. It also 
grows and fruits on twigs killed by pear-blight and other parasites. 
Spores are produced in great abundance on these dead twigs and it 
is from this source that the leaves most commonly become affected. 
The fungus fruits on the leaves hanging on the trees only sparingly, 
but after the disaased laaves drop to the ground spores are produced 
abundantly. 

TREATMENT. 

Apple leaf-spot is easily eoutrollc<l by spraying with lime-sulphur 
solution. The treatment for apple scab, as alread.v outlined, will 
elTectually prevent this disease, no special treatment being necessary 
where the usual orchard spraying is practiced. During the prnaoas 
of ])runing affected twigs should he cut off and burned, so as to elimi- 
nate this important source of infection. 

SOOTY FUNGUS AND FLYSPECK. 

Toward the end of the growing season apples may become affected 
with large sooty blotches composed of dark olive-brown matted 
fmigus threads. 'WTien numerous these blotches give the skin of the 
apple a clouded effect and many fruit growei*s have learned to call 
the disease ** cloud." The fungus is superficial, growing on the sur- 
face of the apple, and it doc« not produce any noticeable diseased con- 
dition of the tissues. However, the sooty or cloiided appearance 
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which rhiinictt'rizt'S Uio disease injures tlio mnrket value of the fruit. 
remU'rin^^ it practicully unsalable, (Sec fig. 21.) 

With the sooty spots are usually associate groups of small, circu- 
lar, (lark-colorotl flecks. This is a fuugons trouble known under the 
pomnion name of Hyspeck. (See fig. 21.) It also mars the appear- 
niice of the fruit, but not to such an extent as the sooty spots. Ac- 
cording to Dnggar ^ sooty blotoli and flysipeck are stt*^oe of the same 
fungus [Lrptofhyrhtm pomi [Mont. & Vr.] Saec), alth«t*^i for 
veiii-s tlioy luivo. been eonsidt'red as two distinct fungi. 

Tho sooty fungus and !lys]>eck are common throughout the East- 
ern States and iu unsprayed orchards often cause considerable dam- 
B*^. ■The fungus 
thrives best iu 
moist, shaded 
places and is es- 
pecially trouble- 
so m e ^v hen 
cloudy, showery 
A\T*ather prevails 
during late snm- 
mor or fall. 

TREATMENT. 

The sooty fun- 
grus and flyspeck 
iiro moi-G ««sily 
]>i'o.veiited tkiin 
any other difibase 
affecting the ap- 
ple, as would nnt- 

!• ic;. 21.— Sooty IiinEiis and flyspeck on the llnnlHmiin npple. 

undly be expected 

fmm their su]ierfinial habit of growth, ^\^len treatment for bitter- 
rot is practiced these troubles need no further consideration. TC^en 
the fungicide in the last spraying for apple scab will hold over long 
enough largely to jirevent them unless the conditions during late 
summer are s]^ccially favorable, in which ease an application of lior- 
deaux mixture or lime-sul])hur .solution shoiild b^ made in July. Tn 
low, damp situations an application during the first week in July 
uml iinother during the first week in August, using a weak Hordeanx 
mixture, will often be found desirable. 

PREPARATION AND USE OF SPRAYS. 

Tlio several troubles herein conrndered are, for the most part, satis- 
factorily controlled by a thorough use of sprays. During the past 




402 



I Fungous Dlseasefl of Plants, pp. 367-390. 



38 



INSECT AND FUNGOUS BNKMIES OF THE APPLE. 



few years there have b«en iuiportnnt improvsjiicnts in the field of 
orcharil sprnying as regards the mnterinls used nnd nUo in the 
charnetcr of machinery employed. At tho 2)resent time orchardlsis, 
by earefiil attention to details, are able to obtain a ninch higher 
benefit from spraying operntions than formerly, and while rcsiilt>* 
vniy, depending upon weather nnd other conditions, yet the suc- 
eessfnl orchardist now expects to har\'est, as sonnd frnit, from i)0 
to I'fi par c&nt of hi-s crop. Below are given the spray materinls 
reeommenided in pff^eanti- kwil*»fcwi^ wit^W «)ftrecitk)«j;-4«»4b Uiftir pvm. 
fvration. 

LIME-StJLPHUR SOLUTION. 

XJaes. — Fruit growers have now become quite familiar with lime 
suli)hur .sprays as a remedy for the San Jose scale, peach loaf-curl, 
and blister mite, and otho-r troubles i-eqniring dornnint tree trpflt- 
niout. The lime-sulphur wawli, as urtad on dormant trees, has g;niio 
through n good deal of evolution since the California formula \yiis 
first employed in the Kast. AVhei^as a few years ago it was the 
jiraetice to make the wash nt home, for immediate use, utilizing for 
this purpose in many cases very large cooking outfits, the tendency 
at the jiresent time is toward the employment of the commercial lime- 
sulphur solution, a concentrate which is kept indefinitely nnd nsetl as 
needtnl, or a. simihir liomtMnade soUition. Imth of which are pre- 
pared on n distinctly different formubi from the wii.sh as formerly 
used. 

A distinct advance was made in the. control of fungous diseasH'^^ 
when it wfis fonnd that these commercial and homemade liine-sulphur 
concentrates, 2)ropcrly diluted, could be used with satisfactory results 
as fungieides on trees in foliage, rejjlaeing liordeanx mixtures, the 
use of which is attended with danger of rnssctiug the fruit and in- 
juring the foliage, depending upon weather conditions. 

Home-boiled lime-sulphur solution. — Concentrated lime-sulphur solu- 
tion, to be diluted and used for the summer spraying of orchards, 
may be prejiared by boiling together for about 50 minutes, 100 
jioimds of suli)hur, 50 pounds of lime, and water to make 50 gfillons 
of c^ncfsitrated solution. Any finely powdered sulphur of 98 to 99 
per coait purity may be used. The counncrcial ground sulphur is 
the cheapest form and is as good as the flowers or flour for that 
l)nr2)ose. The best grade of fresh stone lime is required for the 
best results, although a good grade of hydrated lime may be nwd. 
2>rovided proper allowance be made for the high porc^ntage of mois- 
ture it contains. 

The boiling may be done in barrels or vats with steam or in kettles 
over a fire. An ordinary 75 to 100 gallon food cooker composed of 
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a kcttio %vith jacket and fire box is i)crlia]>s the most eonv«nkMit and 
ecoiioinieal ontiit for small und nic<liiim sized orchards. 

I*lac6 about one-fourth of the required amount of water in the 
kettle, bring- it to tho boiling point, then pnt in the limo and imme- 
diately add the snlphnr. Stir vigoronslj' nntil the Hme is slaked, 
then add snflicient water (o finish with r>0 ^llons of the concen- 
tratotl solution and boil for 50 mimitos. The total time of HciuaJ 
boilingr should not exceed 1 hour, and, as u rule, a Iwiling ]>o4*io(l of 
only 50 minutes gives better results. After the sulphur has gone 
into the solution, combining with the lime to form sulphids, further 
boiling brings about a chemiail change which finally ivsnlts in 
throwing some of the sulphur out of the solution to form a sedi- 
ment. The sul]>hur should first be passed through a «ieve to break 
up anj' lumps that it nniy contain, and there is j>erhjip onic ad- 
vantage in working it into a thick paste with water before adding 
it, or the snlphiw may be placed in tihe kettle first -tuid worked into 
a paste before adding the lime. In ordtar t-o finish with 50 gallons 
of solution tho kettle should bo filled to about 58 gallons, (»n account 
of evaporation. If the water evaporates to below 50 gallons more 
water should ho addtnl to make up the loss. A measuring stick with 
a SO-gttllon mark, and other marks as desired, will Ikj fo\nid ust^ful 
in determining the amount of liquid in the kettle. "Wlien steam is 
used the process is al>out tho same as above described. Owing to the 
condensation of the stcain a somewhat smaller amount of wattir is 
required. "\A1i«n tho boiling is finished the solntion .should b& poured 
through a strainer of about 20 meslitw to the indi. so as to r«nove 
the coarse jiarticlcs of sediment. Tt may be uwj*l immsdiaUJy or 
stored in barrels or other containcro and kept indeiinit«Iy, ]>rovided 
tho air is excluded. In practice tho frnit growers, as a nde, have 
not been ahlo to prepare tho lime-sulphur solution without obtaining 
a large amount of &*edinient and this has tended to make the com- 
mercial product more i>opular. This sediment is due largel}' to im- 
pui"ities in the lime and impi'oper mixture and boiling. Straining 
will take out the coflrsc** jmrticles, and th© remainder will not prove 
to be seriously objectionable. 

After the sediment has l)een settled, the clear liquid should test 
25' to 28^ on the lianme hydrometer. It tjikes about 2 gallons of 
tho homemade preparation to equal in strength 1^ gallons of the 
eommei*cial i>roduet, and these ainoinits, respeetivelyj are the anioimts 
required for each 50 gallons of spray. For the summer spraying of 
apple trees, lime-sulphur solntion, whether home-made or commercial, 
should be so diluted as to contain 3^ to 4 poimds of sulphur in each 
50 gallons of spray. Prepared according to th« above directions, 1 
gallon of the homemade product contains approximately 2 pounds 
of sulphur in solution, »nd tJierefor© 2 pilous would give the 
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requisite amount of sulphur for each 50 gallons of spray. For spray- 
ings trees during the dormant season it should be used much stronger, 
12 to 15 pounds of sulphur to ca^h gallons of diluted spray being 
required. For dormant tree spraying about 7 gallons of the home- 
made solution in eaeh 50 gtillons of spruy would tliereforo give Ui© 
jjropcr strength. 

Commercial lim«-iulpfe'ttr Boiuti«n. — For some y«arspmanuf»etuvars of 
insecticides and ftmgieides have had on tlie market concentrated 
solutaons of lime-sulphur, originally designed as treatment for the 
San Jose scale, which obviated the necessity of orchardists prepar- 
ing the wash at home. These solutions have now como to have a 
much wider range of usefulness, forming a satisfactory substitute, in 
most cases, for Bordeaux mixture as a fungicide. These concen- 
trated solutions, for the most part, are well made and are fairly 
uniform in strength, registering from 30° to .34° on the llanm6 scale. 
Many orchardists pref*** to us© tliem rather than to prepare tl>© 
sprAy at home. Tn tJie ease of small orchards Uieir use is doubtJ^&« 
advisable, but whare the orchard interest is considerable the fruit 
grow&r might well afford to prepare the concentrate at home. 

In the use of the commercial lime-sulphur solution, as in the home- 
made solution, the orchardist should know rather exactly the proper 
dilution to make which will insure the control of the troubles in 
view, and on the other hand not prove injurious to the foliage and 
fruit. Dilutions are based on the strength of the concentrate as 
shown hy its specific gravity. Thus comHaercial lki9«-sulphur show- 
ing a density of 39° on the T5aum6 scale shoidd not he used stronger 
(Jian li gallons for each 50 gallons of spray. According to the 
writers' observations a variation of 2° above or below the density 
indicated is immaterial as regards danger of foliage injury, so that 
the recommendations hold for practically all of the commercial con- 
cp^ntrates on the market. \\Tiere the fungous troubles to be treated 
are not very serious, it is recommended that only gallons of the 
concentrate should be used to each 50 gallons of spray in order to 
eliminate, in so far as possible, the dangm* of injury to fruit and 
foliage, 

BORDEAUX MIXT0RE. 

Hordciiux mixture is composed of copper sulphate (blncstone) 
and quicklime, with a certain quantity of water. The amounts of 
copper sulphate and of lime to l>e used with a given quantity of 
water vaiy somewhat, according to the kind of plants or ti*ees to be 
sjirayed and the disease to be treated. When used on the apple the 
following formula is quite satisfactory for general orchard work: 

Copt)er Bulpbate (bluestoBe) pounds — 3 

Qtiicktline - , do 4 

Water to make gallon*— CO 
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In bad cases of bitter rot or apple blotch it is often advisable to use 
4 pounds of bluestone nnd 6 pounds of lime to 50 gallons of water 
instead of the above formula. 

Directions for making. — To malcc a single barrel of Bordeaux mix- 
ture, dissolve tlic bluestone in 25 gallons of wnter and in a separate 
vessel slake the lime and dilute it to 25 gallons. Then pour the two 
solutions simultaneously through a strainer into the spray tank. 

If large quantities are to be used, stock solutions of the bluestone 
and lime should always be preparad, thus saving the time necessary 
to dissolve the materials. A stock solution of the copper sulphate 
may be made by dissolving it at the rate of 1 pound to each gallon 
of water. Fill a 50-gallon barrel two-thirds or three- fourths full 
of water, and place a sack (or box with perforntions in the bottom 
and sides) containing 50 pounds of copper sulphate in the upper part 
of the barrel, suspending it by a string or copper wire. In from 12 
to 24 hours the sulphate will have entirely dissolved, aud the sack 
or box sliould be removed nnd enough water added to fill the barrel. 
After slight stirring the solution is ready for use. The sto«k lime 
may lie prepared by slaking 50 pounds in a barrel or other vessel, 
and finally adding water to make 50 gallons. In slaking the lime 
sufficient water should be used to pi-event burning, but not enough 
to " drown " it, and the mass should be continually stirred with a 
shovel or spading fork until a thin paste is formed. 

In making Bordeaux mixture take the necessary quantities of the 
stock copper sulphate and the stock lime solutions to give the formula 
in the total amount of water to bo used, and place each in separate 
elevated dilution tanks, which should hold half as much as the total 
capacity of the spray tank. Thus, if the spray tank holds 200 gal- 
lons each dilution tank should hold 100 gallons, and, according to 
the above formula, 20 pounds of copper sulphate (20 gallons of the 
stock solution) and 20 poimds of lime (20 gallons of stock solution) 
would be required. To each dilution tank add water (onc-hnlf the 
total amount of spray) and after stirring allow the diluted ingredi- 
ents to run through separate hose or troughs attached to faucets 
near tho bottom of the tank into the strainer on the spray tank, 
where the two solutions come together, producing the Bordeaux 
mixture. Only the quantity whidi can be used during the day 
thould be mixed, as the Bordeaux mixture deteriorates on standing. 

In case the dilution tanks ai*e not elevated to admit of filling the 
spray tank hy gravity, the diluted solutions must be dipped and 
poured into the latter by hand, a bucketful of each simultaneously. 
This method is advisable in small operations, where a few barrels at 
most are needed. 

It is important that Bordeaux mixture should be thoroughly 
strained in order to keep out any coarse pitrticlae that wsuld clog 
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the Spray nozzles, and it is a good praetie© to strain the stock sohi- 
tion of lime while pourinj? it into the dilution tank. The beet mate- 
rial for a strainer is brass wire netting of about 20 meshes to the inch. 

ARSENATE OF LEAD AND OTHER ARSENICALS. 

Ai-senate of lead is the prineipal arsenieal used in orehard spray- 
ing. It oomes on the market in a puttylike paste and to a more 
limited extent in the form of a powder. Its present large use is due 
to certain advantages it has over other arsenieals, in that it contains 
very liUlo water-solnble arsenie, and is therefore mueh less likely to 
injure the foliage. It also adheres better than other arsenieals, sacli 
as Paris green and arsenito of lime. All arsenieals used in spraying 
fruit trees may be used in Bordeaux mixture. However, not all of 
these ean be used in lime-sulphur solutions without danger of foliage 
injury. Arsenate of lead when added to liuie-sulphiir ^^olution under- 
goes eonsiderable chcmieal altcnitions, as shrnvn h' tlie prompt 
ehange in color of tlie mixture. Chemical analyse, hov. that a small 
percentage of tlie arsenate of lead is broken down, and lead sulphid 
and arsenate of limo formed. Abundant experienee, however, has 
shown that this alteration of tlie ehemieal nature of the arsenical 
and of th© lime-sidphur wash does not injuriously affeet their ♦ffi- 
cieney as fungicides and inscetieides, nor materially add to the danger 
of foliage or fruit injury. Arsenate of lead is used in Bordetuix 
mixture or lime-sulphur at the rate of 2 pounds to eaeh 50 gallons 
of tlio spray. As there are numerous brands of arsenate of lead 
upon the market the grower should be careful to pxirehase from re- 
liable firms. AVTien the paste form of arsenate of lead is used it must 
be worked free in water before it is added to tlie spray. Powdered 
arsenate of lead is used at about one-half the strength of the paste 
form. 

In large spraying operations it will be more eonvenient to pre- 
pare in advance a stock mixture of ai-senatc of lead as follows.' Place 
100 pounds of arsenate of lead in a barrel, with suffieient water to 
work into a thin paste, diluting finally with water to exactly 25 gal- 
lons. A\Tien thoroughly stiri^d eaeh gallon of the stocit solution will 
thus contain 4 pounds of arsenate of lead, the amount neeessary for 
100 gallons of spray. In smaller spraying operations the proper 
quantity of arsenate of lead may be weighed out as needed and 
thinned with water. In all eases the arjenate of lead should be 
strained before or as it is poured into the spray tank. The neces- 
sary eare should be exereised to keep the poison out of the reach 
of domestie and other animals. 
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Arsenite of liin« is recommejidcd by Stewart' gg an arsenical for 
use in limo-sulpliur aolution, but wli«n so eiiiploye^l the Kedzie for- 
mula should be somewhat modified oe follows: 



Boil the above ingredients together in nn iron vessel until entirely 
dLssolved, whieh will requii-o about 16 minutes. This solution is 
then used to slake 3 or 4 pounds of best stone lime. If the slaking 
is thoroughly done, the arsenie will he well couibinod with tlio lime 
and the product will retain its strength indefinitely. After slaking, 
add enough water to bring the total up to 2 gallons. This is a stock 
solution, which after having been labeled to indicate its iwisouous 
nature, may be stored for use as needed. The stock solution, after 
thorough stirring, is us«d at the rate of 2 pints for e*ieli .T>0 gallons 
of linie-sulplnir spray and contains the equivalent in arsenic of one- 
half pound of I'nris green. 

This preparation may be used equally well in Bordeaux mixture. 

Paris green may be used in Bordeaux mixture at the rate of 0 or 
G ounces for each liO gallons of spray. This poison, however, should 
not be used in lime-sulphur spray. 



In couneetion with the several insects and diseases pi-cviously re- 
ferred to, information has been given as to the troatment to be 
employed in their control. It rarely happens, however, that tiie 
orchardist has to consider only one or two of these troubles, there 
being present as a rule several important insect or fungus pests which 
must b« considered. Fortunately for the orchardist, many of his 
most serious troubles permit of control by a few well-timed applica- 
tions of a combined insectieido and fungicide, sueh as lime-sulphur 
wash and arsenate of lead. It is, therefore, possible to indicate a 
schedule of apj^lioations which has been found satisfactory to i)roteet 
fruit and foliage from injury. An outline of this kind, however, 
must be very elastic to apply to the varied conditions obtaining in 
the various orchard sections of different parts of tJie country, as, 
for instance, in the New England States and iu tJie Ozark rugion of 
Arkansas. The orchardist, therefore, must know what his troubles 
are in order to save himself the expense of unnecessarj' treatments, 
on the one hand, and of serious loss, on the other, on account of 
failure to spray where such work is desirable. The following sched- 
ule of a|)plications is recommended, and if carefully followed out it 

* Kul. OO, Pennsylvania AKrlcultaral Kxperlment Statlsn. 

'If tbe anbyftroHH or water-free aal aoda Ib used, one-balf tbe qiMntltJ will be auISclent. 
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should insure protection a^inst practically all of the troubles affect- 
ing tkc fruit and foliage of th© apple: 

iiilit appliGAtion, — Use lime-sulphur solution at the rate of gal- 
lons to 50 gallons of water plus 2 pounds of arsenate of lend paste 
or 1 pound of powdered arsenate of lead just before the blossoms 
open. This is for apple scab, the plum eureulio, eankerworms, the 
bud moth, ease-bearers, and the tent caterpillar. 

Second application.— Use same spray as in first applicatiou, as soou 
ar the bio Boms have fallen. This is for the above-mentioned troubles 
as Avcll as for the codling moth, leaf-spot, and cedar rust. It is the 
most important application for both apple scab and the codling 
moth. In spraying for the codling moth at this time the aim is to 
place in the calyx end of each Ixttle apple a quantity of the poison 
and, to accomplish this, painstaking work will be necessary. Failure 
to do thorcnxgh spraying at this time can not be i*cmedicd by subse- 
quent treatments. 

Third application. — ^IJso the same spray as indicated above three to 
four weeks aft«r tlie blossoms fall. This is the second treatment for 
the codling inoth, cedar rust, and leaf-spot, and gives further protec- 
tion against apple scab. 

Fourth application. — Use liordeaux mixture (3— 1-50 formula) aud 
an arsenical eight to nine weeks afte-r the petals fall (about June So 
to 30). This is the first application for bitter rot, the arsenical being 
added for the second brood of the codling moth. It is also essential 
for the sooty blotch and fiyspeek, especially in damp situations. 

The applications given above, if carefully followed out, are, as a 
rule, siifiicient to bring the fruit erop through to maturity in good 
condition, except where bitter rot occurs, for which further treatment 
will bo neeessary as indicated below. 

Fifth application. — Use Bordeaux mixture from two to three weeks 
after the fourth application. This is the second application for 
bitter rot, and since it is very little extra expense to add an arsenical 
this may be profitably done as a further protection against late- 
appearing larva; of the codling motJi. 

Sixth application. — Use Bordeaux mixture again two or tlu*ee weeks 
after the fifth treatment has beeu applied. This is the third appli- 
cation for bitter rot and is ordinarily siifUeient to carry the fruit 
through, but on specially susceptible varieties in bitter rot sections, a 
treatment to bo made two weeks later may be found necessary. 

Apple-Wotch treatment. — The second, third, and fourth applications 
of the above schedule will control mild cases of apple blotch, but in 
bad cases an extra treatment, using Bordeaux mixture, applied six 
weeks after the petals have fallen (two or three weeks after the 
second ajiplication), will b© found nece«»»ry for th« beet results. 
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Many orclmrds located in the jVIiddle Atlantic States and south- 
ward do not require the first application of the above schedule. Only 
bad-scabbing varieties, like Winesap, need spraying at this time, ^9lt^ 
less conkerworme or the bud moth should prove serious enoug-llMll 
neceaeitate a special spraying. The Tork Imperial and Ben DiiMlN 
varieties, Avhicli constitute a large proportion of the orchtilttfe 
throughout this region, rarely need spraying before the trees blo^. 

EQUIPMENT FOR SPRAYING. 

With other eonditions favorable, the orchardist will not be able to 
secure satisfactory results in spraj'ing unless he uses an efficient 
spraying outfit. ^\1iile there has been a notable improvement in 
the character of spraying machinery used by orchardists during the 
last few years, there are yet many outfits in use whieh greatly handi- 

' cap the work. At the present time there are on the market a large 
series of makes of spray pumps, many of which are quite efficient for 
the purpose for whieh they are designed, and the orchardist should 
not be satisfied with any but the best. 

The barrel type of spray pump is servieeable in small to medium 
Ssized orchards and when properly fitted with hose of sufficient length, 
a good agitator, and good nozzle, very effective work may be done. 

I Tho pump, according to design, may be fitted to tlie end or side of 

' the ordinary 50-gallon kerosene or similar barrel and may be mounted 
on a sled or Avheels, or preferably placed in a cart or wagon. One 
man is required to pump and one or tAvo men to handle the nozzles, 
depending on whether one or two leads of hose are used. A good 
barrel pump should supply two leads of hose, each with double 

I nozzles. Tank outfits are mostly used in the larger orchards, but are 
very desirable for the small orchardist as well. These outfits consist 
of rectangular or half-round tanks, flat on top, holding from 100 to 
300 gallons of the spray mixture, fitted to the wagon in place of the 
wagon bed. Some groAvers use a 100 to 200 gallon tank placed on 
one end of the wagon. The barrel type of pump may be used on 
these tanks, but for this purpose it is better to use the larger tank 
pumps with suction hose. The hole in the top of the tank should 
be covered Avith a elose-fitting lid to keep out leaves, twigs, and oth^ 
trash, which would dog the pump and nozzlee. 

However, in large commercial orchards power spraj'^ers are mostly 
vised, such as gasoline, compressed air, etc. "With such outfits a much 
higher pressure may be maintained than is possible with hand pumf«, 
giving a fine spray, which may bo driven to all parts of the tree. 
Sufficient power Avill be furnished to supply several leads of hose 
and the spraying may be done rapidly, which is very important, 
especially in regions where suitable days for spraying are not fre- 
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qucnt. The usual defect in spraying outfits is that the hoe© is not of 
sufficient length. Kach lead of hose should b© from 25 to 35 feet 
long, and provided with an 8-foot to 12-foot fe«mb©o ext«nsion rod. 
This length of hoso will permit the complete spruyhBg a tree be- 
fore leaving it, insuring more thorough work than if only one side 
is sprayed at a time, and the amount of driving necessary will be 
leduccd by one-half. 

The nozzle, of whieh there are many kinds on the market, is a very 
essential part of the spraying outfit. AVliercas a few years ago tlie 
nozzles available were far from satisfactory for orchard spraying, 
there are now to bo obtained good nozzles for the purpose. Fw 
general spraying the Vcrmorol or eddy chamber type of nozzle, of 
which there are various modifieations, is best. These nozzles give a 
spray of difl'ereut degrees of fineness, dei)ending upon the size of the 
aperture of the ciip used. In the spray application given immedi- 
ately after the falling of the petals, especially to lodge x>oison in the 
calyx cups for the control of the eodling moth, a cap with a larjre 
opening is used by many orchardists, and some fruit growers, espe- 
cially in portions of the AYest, use at this time a still coarser spray, 
as that from the "Bordeaux" or similar nozzles. Information on 
this point as obtained by the Department of Agrieultnre under 
humid conditions indieates that there is no advantage in Tising so 
coarse a spray, such as is produced by Bordeaux nozzles, especially 
since a much larger amount of spray is required and greater injury 
may results 

In spraying high trees some form of elevated platform should be 
eonstructed on the wagon, on which one of the men holding the 
nozzles may stand to spray the higher parts of the tree, the other 
men spraying from the ground as high as may be reached and over- 
lapping the work of the men on the tower. 

In many commercial oi*ehards more time is consumed in driving to 
and from the water supply than in actually applying the spray. This 
can be remedied by the use of a supply tank whieh will hold 200 to 
300 gallons. One hand should be able to prepare the niixturt's and 
deliver them to the sprayers in the orchard, -ihus keeping the outfit 
constantly in operation. The mixture may be quickly transferred 
from the supply tank by means of a rotary pump attached to the 
engines or by othe-r tank-filling devices. 

APPLYING THE SPRAY. 

Sprays are preventive and not curative, and must therefore be 
applied before the injury becomes apparent. After a fungus has 
gained entrance to the foliage or fruit it ean not be reaehed and the 
diseased parts nwde sound again ; but the infeetion may be prevented 
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by coating tho parts with n fiinf^icide, such ns lime-siilphnr Biilntioii, 
which prevents the fjerminntion of the spores. Similarly, the oxllinp 
moth may not be poisoned after it has burrowed into tho fruit, but if 
tlie poison has been put into tho ealyx cavities before the calyx lobes 
have closed, and has been sprayed on tho foliage and frnit before tho 
latter is entei*ed by the larvte, the destrnetion of the latter in large 
numbers is insured. Sueeeswfnl spraying, tiierefore, nnist be based 
on a knoAvledge of tJie diaeas«s iinil insects to bo controlled. With all 
of the affsct ions hiM-e e,oiisid»rod tho work sliould be done in advHnae 
of their ex|weted appearance in the oi-cliartl. 

There lire two princiiJal reasons why spraying in the hands of 
some is iinsatisfactoi-y, namely, failure to make the applications at 
the proper time and failure thoroughly to coat tho trees and fruit 
with the mixture. In order to overcome the former difliciilty the 
orcliardist must be informed as to the nature of the malady or insect 
to be treated, and the latter may be overcome by maintaining proper 
equipment and by giving the neeaesary attention to thoroughness in 
spmying. 

In the operation of spraying the liquid aJiould bo broken into a 
very fine mist. The nozzles should be so miinipulated that every 
part of the foliage and fruit shall be uniformly covered with line 
dots of the spray. It is not necessarj' that the foliage and fruit 
should be actually coated with the spray, but every portion should 
be thickly peppered with it. The higher and inner portions of the 
tree are commonly insulliciently sprayed, and while the liquid may 
actually be dripping from tho lower branches the upper parts of tho 
tree may show little of the spray. 

The desired mistlike spray can ordinarily be securol only with 
high pressure at tho pump. This pressure should be not less than 
100 pounds, though this is not ordinarily obtained except witli gaso- 
line or other power outfits, which should supply u pressure of 125 
to 100 pounds. AVlien hand pumps are tiscd the pressure should be 
maintained as high as practicable, and never less than 7.') pounds, in 
which case good nozzles become more essential for perfect wOrk. To 
maintain this pressure will require constant hard work, and the 
tendency will be to allow the pre«ure to lighten. lixccpt in spraying 
the tops of trees the nozzle men should nevor ride in Uie wagon, even 
while spra,ying Uie sraallost trees. In order to reach the iiin*r 
branches and the underside of the fruit and foliage the opomtor 
must spray from the ground, where he is free to walk around and 
under the trees. Many failures result from atto4npts to spray treee 
from the wagon as the outfit is being driven by. 

The question is frequently ariked, especially by persons not much 
experienced in spraying, as to the proper quantity of spray required 
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per tree. This information is not only an index to the thoroughness 
of the spraying th»t is being done, b«t is eKpecinlly useful in arriviHg 
at an estimate of the amount of spray chemicals to bo purchased. 

The quantity of liquid to be used on trees and foliage naturally 
varies with the size of the tree. For orchards just coming into bear- 
ing and with average-sized trees 8 to 10 years old, a proper manipu- 
lation of the nozzle should insur© thorough spraying with .3 or 4 
gallons per tree. For average-sized trees 12 to 15 years old the 
amount of spray required per tree would be from 5 to 7 gallons, and 
for older trees a larger quantity will be required, all varying with 
the size of the opening in the nozzle dsed and the rapidity with which 
the work is done. V(M*y old trees of considerable height and spread 
of limbs often require from 10 to 15 gallons per tree to insure a 
tlioroiigh treatment. 



